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°  After reaching this height, the source moved ioward with a velocity

of 380 im/s to an altitude of 5.4 solar radii, whers it remsined wmtil
the end of the burst. The brightness distributicn found for the source
sgress with the "core end halo" model of Ueiss and Sheriden for various
maefbmdmmluofzﬂdmfcrmcnlm m
ommymiuofmmmuumlygoodmdth
those foumd by other workers at frequencies of 40 to 169 Mc/s.
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I. INTRODUCTION

During the summer of 1963, high-resolution cbservations of radio
emission from active re;i,m in the solar corons were made at a
frequency of 26.3 Mc/s wu:h the Ghruthuen—m. array at Clu:k !.lkc,
California (Erickson, 1965). The lcbes of the response pn:tern of the
array are spaced 1?5 apart in the east-west direction >and are 10' wide
to half power cast-west and 3° wide north-south. A one~dimensional
scan of the solar drightness distribution i{s obtained each time the sun

crosses a lobe, which occurs at 6-minute intervals near local noon.

II. TYPE IIX BURSTS

The study of Type III bursts that began with analysis of 1962 Clark
Lake data (!fi:km, 1963) has been contimued. For Type III bursts, by
far the greatest observable activity im our 1963 records coincided with
the disk passage of McMath plages 6908 and §309; specifically the period
Jn).y 31-August 12. (Intense contimuum radiation associated with the
great activity in September made the observation of all but the strengest
Type 111 bursts impossible.) Since these measurements were made at a
single frequency, identification of the spactral type of the bursts m
made by comparisea with m data uyo:ttd by the ﬂish Altitude Observatory
in Boulder, Colorado (CRPL-F Part B, 1963) for frequencies froQ 76 éo
41 Mc/s.

On the record shown in Figure 1, the periodicity in smplitude of the
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It can be seen that the passages of the source of the Type III bursts
are occurring earlier than the calculated times of passage of the
center of the sun, and tbercfoie that the source {g west of the center
of the disk, corresponding to the westward positiom of the active |
region for August 9. Om this day, the array was pbased to g declina-
tion of 17°22!, close encugh to the solar declination of 15°51' so that
thc.mwsed through the pattexn during the four hours cemtered omn
local noon. (The source Virgo A has a declingtion of 12°35!; the
difference in declination was sufficient to make the source pass south
of the pattern near transit, ndtwmmtmaboutl%houu
before and after transit. The positions nrked for Virgo A' i{n Figure 1
correspond to passage of the source through seme of the lobes that lie
well east of the meridisn at :homtﬁutha: thcmmmiug
through some of the western lnba )

The bursts included in the study had intensities rangimg from about
the intensity of Virgo A to &4 or 5 times this value, or from about
5 x 10°23 vatt meter-2 (cps)-1 to sbout 2 x 1022 watt meter~2 (cps)-l.
A large proporticn of the bursts sppeared to have durations less than
oraqualtoS.Om. mmcmtm:ofthemim. To insure
that ionospheric Mucamﬁdmumulyﬁfmthow
displacements of the radic source, the observed positions of Virge A
were compared with its calculated times of lobe passage.

In Figure 2a, the daily eptical maps oftthe sun made and supplied
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plages were quite closabtnztthr and constituted essentially the

only active center on the disk during most of the 13-day period.

This wes o fortunate circumstance in thet it led to the ungsbiguous
identification of the epticel feature with which the Type III bursts
were associsted. It wes then pessible, by meking the assumptiocn thet
the source of the bursts was located radially above the optical (and
9.1-cm) active region, to correct the observed distances of the bursts
for projection oa the east-west line and obtain the radial distamce
cithemwcfmthmdthc‘m This method differs from
the one used in most of the studies published to date (s.g., Shain
 and Higsine, 1959 and Morimoto snd Kai, 1961) which are based on dste
obtained around the last solar msximum when there were aivays seversl
active regions present om the viliblo selar dfak. Comsequently, the
observed Type IIl bursts had to be related either to the region

that had besn most active during the preceding few hours, or to amy
chhmwmmcrvndua&rutmmm
time. The east-west displacement of the radio source was plotted
wmmmdupmdmmmmmm
it, for each observed burst. mno’.of:hcxmweh.upotm
gave the distance of the source from the cemter of the sun in solsr
radii. The laxge scatter of some of the points suggests that some

of the optical identifications were in error. As am example of the
method used in the present work, the Fraumhofer msp for August 7 shows
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the east-west line EW, along which the scan is made; line AB, the
1mmuwe£themtoﬂdplmof.thmdththcplmof
the sky; and gugle WS, ths angle between the direction of the source
and 1ine BW, used in corvecting for projection om the esst-west line.

Another difference betweem the Clark Lake data snd those of other
observers comes from the high semsitivity of the array. Rather then
wmaking a statistical study of isolated strong bursts observed on many
differomt dsys, it was possible to observe msny weak bursts during the
few hours esch day that the sum vas in the besm. By superimposing the
mmbered vertical limes for each lobe-crossing of the cemter of the
solar disk eud recording the positions end heights of the individual
bursts, the plots shown in Figure 2b wers obtained snd an sverage
source position wes found for eech day. Taking as an exsmple the plot
formlz,kalmmwmthto
mnmmitim'ofmmuthmtuthccmuof:bm
The identical groupimg of bursts on the left shows the smbiguity thet
comes from the spacing of the lobes about 6 solar radii apsrt. The
ploufortheothctdtylwcmduumtmmthamrnd
intemsity cf burste vecorded during the period. On July 31, whem there
mmlymmpmmmmmu(w
to the two regions for July 31 in Figure 2a), the plot is & bit com-
plicated. Fortunately, the activity in the second region dissppeared
after July 31, making the position measurements easier and probably

moTe accurate.
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It i3 clear that the apparent halfwidth of the source was much
larger than the 10' (or 2/3Re) halfwidth of the lobes. Om most days
the source halfwidth apptom 2 solar radii and it occasicnally
exceeded this value. In the pariod coversd by the 1962 Clark Lake
data, there vere days o which there were seversl times s many
bursts perhourthﬂmnninthcv 1963 data (Erickson, 1963).
Also, the average intensity of the bursts was gtuter,‘ 80 that it was
possible to compute the probability of occurrence of bursts above an
intensity of 1022 ygte meter~? (cya)“ for several days as a function
of distence from the cester of the solar disk. On the most active
day (May 25, 1962) s symsetrical brightness distributionm resulted from
&izmingpm.;u.»tevhich‘m“mmﬁtm. It!l_u
found that the central part of the brightmess distribution wes signifi-
cantly too high, and that the sum of & wide gaussian ("halo") and a
narrower distribution proportional to the shape of the lobes ("towi")
provided quite a satisfactory fit. This result agrees with the "core
and hale” model proposed by Weiss and Sheriden (1962) who suggested the
possibility that the core is formed by the radistion truveling divectly
£mmmu‘thmdwmwo:mfmw¢
enizsion from the source followed by scattering & the madiatiss
emerges through the other parts of the coroms. Of course, the resilt
could also be explaimed by emission from a large mumber of individual
sources of very small digmeter varying in positiom f{n such a way that
the shape and position of the observed source are produced. From the
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May 25, 1962 cbservations, the halfwidth of the halo was found to be
2.5 solar radii, a value comsistent with the 1963 deta, and the
halfwidth of the core wvas equal to or less than the 10' besmwidth,
mwmwu&m,mmmjm
on the esst-west 1ine, sre shown i Pigure 3. To within + 0.2 soler
udu.amu;mm.ﬁuymmmmwm
that would be obsexved for s source radially abeve the optical active
region at a distance of 2.4 solar radii from the center of the sum,
rotating at the same sngular rate as the sctive region. There is me
apparent refractiom of the 26.3 Mc/s rays as they come out through
the selar corons towerd the ebsexver. A possible explamation for
this wes first suggested by Shain and Higgius (1959). It is knows
mmwm“&mhmmbm.
but coutains regioms of higher density (stresmers) which tend to
originate over active regions and extend more or less radially outward.
smﬁummm!ymdﬁmm.xtu
regsonsble to assume that the disturbances respemsible for the Type III
bursts travel out from sctive regions along their corresponding atresmers.
According to the idess of Wild et. al., (1954), Typs III bursts origimate
at the level in the corons correspemding to the plasms level for the
frequency of cbservation. In this case, therefore, the 26.3 MNc/s
plasma level in a stresmer would be at & considsrsbly greater height
in the corens then the plasma level for this frequency in the surrounding
more or less spherically symmetrical coroma. If the cross sectiem of
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mmummhm mmmunme
thmvghandiuofmtatinlylmelquwm
will underge wery little refraction. If this is the case, the heights
determined for Type III bursts will all refer to the height of the
pmmgm‘mamﬁmwmwmwli
in:hnao-all‘edw‘u‘i‘m

In Figure 4, an attempt has besn mede to summarize curreatly
available observationsl data on the aleckron demaity distributiom in
the solar corons in order to compare it with the value obtained in
the present study. Starting from the left side of the plot, the first

mwmwltimmwuiuofﬂnndmmluu,

Mummmld&mwm&epd«mm
the equator of the sum, obtained Em‘fcum sbservations (Michard,
1954; Bepburn, 1955; vem Kluber, 1958; Mogilewski et. al., 19603 ky
et. ale, 1961). The three solid curves represent van de¢ Bulst's m)
models for the electron distribution over the poles, and over the
equator at solar mintmm and meximm. These modelsy were derived from
ascadydﬁlimw*mumoffommy The
maximm curve can be obtained from the mintwm curve by multiplying by
the factor 1.78. |

WMJ:&WM&&MMS

are represented by the work of Newkirk (1961), Hepburnm (1935), emd
Schmidt (1933). Newkirk's model (the solid line) wes derived frem
K-coronmmeter observations made outside of ecltpin during the last
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solar maximm. Hepbum's curve was derited from 1952 eclipse pladu
and has only relative sccuracy dus to the lack of polirissticn messure--
nents. ﬁaswmwmmwdd“ugw
Mhmmsttmuwﬂprm

The wide shaded region nesy the top indicates corsaal demsities
inferred from radio burst positica determinations at various frequencies.
The width represents a reasousble value of the experimentsl erver
iovolved, spproximately : iRge The 26.3 ¥c/s point obtained in the
present study cen be compared with the Type III observations of
Morimoto and Kat (1961) st 201 Mc/s, Wild et al., (1959) et 60 and 45
Mc/s, Shain sod Higgine (1959) at 19.7 Mc/s, snd Hertz (1964) from
10 Mc/s to 1.5 Mc/s (ouly the point for 10 Mc/s is shown in the figure.)
It was assumed in all these deterninstions thst the bursts observed
vere all fundsmentsls, and avallsble cbservational evidence (Vild et al.,
19$dew.lcss)mmuazmmM
is much stromger than the second hammonic in Type III bursts at these
low frequencies. Siwce Type II bursts are also believed to origimate
atbplmlmlwmmfmymw
points of WVaiss (19%3a) for the fundsuental bands of Type II bursts at
:mmmwuuw-ma.ummamm.
son. The radlc burst observetions fall very close to the solid curve,
qummmummmmmmm“s
uaximm, with all the electvon densities iucressed by a facter of 10.
Many of the published studies of solar bursts st metric and decametric
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wavelengths h;vc used the BaumbacheAllen model (Allen, 1947) multiplied
by the seme factor. The two models (10 x vam de Hulst and 10 x
Baumbach-Allen) are almost identical out to about 2.5 solar i.dii.
}‘lenmhmmclmwm19.?5«[:1»15:&4:»:1»‘T : !
found by Hartx {1964) to give mors reasonable vnlacttin of propagation
of the u:m respoisible for Type II1 bursts over the range 10
to 1.3 Mc/s.

Locking at the gemeral trend of the observations presented in Figure
4, 1t appears that tht optically observed stresmers (represented by
Newkirk's model and obcm by Hapburn and Schmidt) have .lecr.m
cmmamwmuﬁmammmmmm
by a Eacmotabont 5. and t!ntauudditleaal factor of 2 corresponds
to the dismﬁution found by cbeervations ef radio buvrsts. The optically
observed corunal stresmers may be thought of as typical, the kind that
can be observed at sny time during the solar cycle, although they are
absent near the poles around solar minfmmm. Since a radio burst

mmmpmanmmma:mpmemum
initisting disturbance, the radio messurements represent culy stresmers
over sctive regions. It sppears, them, that the demsities in stresmers
over active regioms tend to be roughly double those in erdingry |
stresuers.
I11. TYRR IV BURST

This burst occurred on August 11, 1963 when the same active region

that produced the Type III bursts discussed sbove was on the west limb
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of the sun. The optical flare with which this burst has been associated
was seen at the Lockheed Solar Observatory in Burbank, California from
1827 to 1850 U.T. (CRPL-F Part B, 1963). In Figure 5, the flare can be
seen as 8 very small brightening just sbove the solar disk. The H-alpha
pictures preaentsd here were made with a doudle optical system at the
Lockheed Solar Observatory that photographs the disk and the limb of the
sun simultanecusly. The blowing off of an arch-type prominence from the
limb is much more spectacular than the flare itself and this, together
with the flare duration of 23 minutes and the accompanying radio bursts,
points to the occurrence of a fatirly large flare (classified by Lockheed
as importance 2) most of vhich was probably located just over the limb
on the invisible hemisphere of the sun. (8mith, 1964).

Again, the tdentification of the spectral type of the burst was
made by referring to the High Altitude Observatory sweep-frequency
measurements. The HAD decametric record and H-alpha photographs of the
August 11 event have been reproduced in Figure 14 of Warwick, 1965.
Figure 6 shows our record, along with the occurrence of Type II, III and
IV bursts cbserved at BRAO, Type V observed at the Harvard Radio Astronomy
Station at Fort Davis, kTml., and two flares reported by Lockheed {all
from CEFL-F Part B. 1963.) The record for Virge A, which came tb..m_gb. |
some of the eastern lobes of the pattern fmmedistely after the solar
event, {8 included to show that the observed times of #iF lobe crosaing
were in fact close to the calculated times (marked by the vertical lines
mmbered from -19 to ~1) indicating that ionospheric refraction was not
an important source of error in the solar observations. Starting from

the right: (time runs from right to left on these
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records) th:ng is & smgll “ptsemer?‘ around 1858 ¥.T., coinciding w:wh
mmmmam.uyi&mmmcumxﬁm
1854 to 1905. Maxmmummmamm,m
MWMMM n,wxan.:.uiym.xvm.
,wmmmmmawfmnmmmxm
'£ortmuﬁithmdth‘mmwhhbt,m{ﬁw~
wuumm&mmmmm. It is
not immediately clear whether the source is sppesring earlier (west) |
or Later (east) than the sun's center. This ssbiguity can be resolved
‘bymmmmmmmmmacmm
mam,iﬁx)mmaﬂymwwmmmm
‘mmmmmm mrmmm
records of solar transit, and the record for August 11 indicates clesrly
&ammm_mnMSnwmmdmmﬁ‘
the sun.

Returning to Figure 6, the source at first (around 1912 U.T.) is
mzmm:whrudww&mmmuym,
westward watil by 1950 U.T. it has resched o distence of about 3.4
mwmifmmm. The wide lobe st 2000 U.T. W
~mnwmmmmamuumaw
wm.VmauquMM)mmn
iw&ltufallwmdmhpm&fthmﬂmﬁutln -
minutes. Oa the hesis of this record, it is kiowa ouly that the
intensities of the streng Type III burst sud of the first half of the
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Type IV burst were greater than about 1.5 x 10722 watt meter~2
(cps)~l. The record in Figure 8, corresponding to a semsitivity
10 times lower, shows that the highest intensity of the Type IV.
hnmmmmgmmmz.szm‘ﬂ vatt meter-2 (aps)'l
mcmmmm.znmmmpwume
intense than this. !igsm?giwzhwaaplmd
the Type IV source from the center of the sun snd of Virge A from
its computed position. Judging from the data for Virge A, there is
a very slight westward displacement for a source esst of the meri-
dian which is the direction to be expected for ordimary spherical
" refraction im the ionosphere. However, the correction to the solar
mm&mhmumlltmummlxu&.

mmmwamurmu9mmxm:
limits to the the two-dimensional displacements which were projected on
the esst-west line. If the radic source had traveled out exactly
radiglly from the flare, the direction of moticu would be inclined
at an angle of 31° to the east-west line (see Figure 10). Actually,
the Lockheed Obsarvatory reported that the optically cbserved ejected
~ materisl ﬂing)mamalmchtmmr:hchd
- (IGY Selar &ctivizy Report No. 26, 1964) and therefors ome might
expect the angle to be even larger. Fortunately, this burst was also

rmrdduthmhntitmwamlm,ménm%
comhtptaliuinrymﬁmefthadauthmghmuMoi

Dr. J. W. Warwick. By combining the displacements snd fringe orientation
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deduced from the HAD record with ours, we find that the source
apparently moved from the flare site to an altitude of 6.3 Ry above
the center of the sun slong a straight lime inclined at an angle of
© 320 north of the rqlul direction. A comparison between this direction
and the direction of motion of the optically observed material is of
{nterest. According to information supplied by the Lockheed $bservatory
(Smith, 1965), the angle is 40"‘ + 29 north of the radial direction
through the flare. The agreement is good coansidering the errors
inherent in each type of measurement, and indicates that the optically
observed motion is closely connected to the motion of the Type IV source,
However, the velocities measured for the optical material are considerably
lower. Warwick (1965) has measured a maximm velocity of about 400
km/s from the H-&lphl‘patrol photographs taken at the High Altitude |
Observatory. If the vertical scale in Figure 9 is changed to comvert
the measured displacements into what we believe are true two-dimensional
displacements, the outward velocity of the source calculated from the
slope of a straight line drawn through the observed points is 1400 km/s.
After the initial rapid motion, the source appeared to move slowly inward. -
at a velocity of about 380 km/s and finally came to rest at a distance
of about 5.4 solar radii from the center of the disk.

Comparing these results with observations at other frequencies,

we find many similarities and some differences. Of the 12 Type IV
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bursts studied by Veiss (1963b) st frequencies from 70 to 40 Mc/s
for which he had data from the start of the burst, only & had
"systematic rspid movemeats”. For each of thess burats the faitial
rapid motion was eway from the center of the sum and lgated frem $
mmﬁﬂu(mlmmabnuﬁnimahmbu.ﬂ.~
Three of the 4 bursts (the fourth was not observed lomg emough)
had a second stage consisting of a compsaratively slow imesrd motion
and, finally, there was stabilization at a distance closer to the
center of the disk than the maximum displacement sttained st the
end of the first stags. By msking the sssumption of radisl metiom .
 from the flare site, Welss derived some rough approximetions to the
true two-dimmeiocusl velocities imvolved. They are campared with
our values in Teble 1. |

T&hl‘

Date Two-Dimensional Velocities (km/s)
Out In
26 June 1958 2200 -
7 July 1958 4400 500
29 July 1958 3300 1300
27 June 1960 2200 100
11 August 1963 1400 380

Boischot (1958) observed Type IV bursts at 169 Mc/s with ths
Nancay interferometer amd foundivelocities of Type IV bursts from
several hundred to mors than 1000 km/s, measuring east-west displace-
ments fmthcemotottthdhkndm:hmtomm
radiglly. The maximum gltitudes varied greatly from burst to burst,
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and ranged between 1.3 and 6 solar radii from the center of dic

disk. The rapid ascent followed by a slower descent and stabili-
zation of position were cbserved in several cases. Kundu and Firor |
(1961) found one-dimensional velocities of the order of 1000 km/s

for Type IV bursts at 87 Mc/s, and maximum cast-west nltituiu w to
7.6 solar redii. TFrom his observatioms of the Type IV event of

March 30, 1960 with a phase-switched interferometer at frequencies
from 13 to 23 Mc/s, Philip (1964) deduced a one-dimensional welocity
of the order of 10,000 lm/s (a two-dimensional velocity of 14,000
im/s), and a maximum altitude over 11 (or 15) solar radii from :he
ceater of the disk. On the basis of these values, Philip suggested
that the pmpattm of Type IV bursts seen at frequencies around

20 Mc/s may differ radically from the seme bursts ow st ftmiu

2 or 3 tina @8 high. Our rmlts from the August 11, 1963 evemt .. -f: v %n:_

o e a* ércamety & wave lew ity by Finewirr 1905)

do not suppott this view. Boischot (at 169 Mc/s) and Kundu and Firer
(st 87 Mc/s) found the angular sizes of the sources to be greater
than 10'. 1In coutrast to these lew-fregquency observations, bursts
observed at 340 Mc/s by Xundu and Firor (1961) and at 201 Mc/s by
Morimoto (1961) had moticus ofreuiy a fow minutes of arc at most and
mimmmumumzm athd;itswth
plasma levels eorm to the higher frequencies. The mhr 7
sizes of the sources were usually smaller than 4. |

The brightness distribution of the August 11 Type IV burst was
observed to be similar to that observed for Type III by Ericksea



_"!‘_. :

(1963) and for Type 1I, III, and IV bursts by Weiss and Sheridan
(1962); i.e., the observed source has a shape that can be approxi-
mated by the sum of & wide gaussian halo and a narrow core with a
distribution prch:ﬁml to the shape of each lobe of the array.
Figure 11 gh.# the shape of 3 of the fringes taken from the low- -
sensitivity recoxrd (Figure 8). The solid curves tcp;hnt the |
observed fringe shapes; the dotted curves give the wide gaussian
distributions and narrow lobe-shaped distributions chosen to give the
best fit to the cbserved curves; and the dashed curves are the sums
of the wide and narrow d#ttibutims for each case. There is a hint
of asymmetry in the shape of each observed curve, which recslis the
suggestion of Weiss and Sheridan (1962) that a Type IV burst cbaserved
by them with a two-component intexferometer at two spicinss, had a
slight asymmetry. FHowewer, the largest separation of the centers of
the core and halo smounted in our case to less than 4' and cannot be
considered significant, keeping in mind that the beamwidth was 10'
and that the shapes of the fringes in several cases wers found toube
distorted by the passsge of at least oile weak discrete source through
one of the outer lobes of the array at the ssme time that the Type IV
source was in one of the inmer lobes. |

Weiss and Sheridan reported on the brightness distributioa in
only one Type IV burst, the one that followed the 3+ flare of November
15, 1960. The visibility of the burst was measured repestedly at two
spacings during a 45-minute period starting about ¥ hour after the
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start of the flare. Eo motion of the source was detected during this
time. In Table 2 the data on this burst at 60 and 40 Mc/s are com-
pared with our 26.3 Mc/s data on the August 11, 1963 burst. Ve camnot
mgke a good estimate of the width of the core, being limited by our

10' besmwidth. The halfwidth of the halo is found to be considerably
narrower than the 48! assumed by Veiss and Sheridan in their model in
vhich the brightness distribution depends on frequency, but somewhat
wider than the 20' that emerges from their data in the model where the
brightness distribution is independent of frequemcy. 1f, as Weiss snd
Sheridan have suggested, the halo is due to scattering, it should be
wider at 40 than at 60 Mc/s, aad still wider at 26.3 Mc/s. liotmr,
’thmhofpmrhm&bumtmlpmrumw _
brightness distribution should increase as the square of the wawvelength.
To be consistent with the 26.3 Mc/s ratio of 81%, we would expect the
values at 60 and 40 Mc/s to be 16 and 351, spproximately the reverse
of what has been reported. Since scattering should be grester for
sources low im the corona, the fringe shapes should be examined for
any change as the source travels outward. Unfortunately, thcurliut

frizoas canmer ha usaed k-..-.. af anr {nahilice ta Sanavate sut tll.

effects of the Typs II and III bursts. The first fringe thought to
consist entirely of Type IV radiation is ths -5th ome which coincided
in time with a displacement ot approximately 3.2 l from the center of
s Y T T T el lame o

the normal coroma (roughly 1.6 x' for the, Newkirk medel) so that any
cff.et would be expected to be small. We fiand im fact (see Figure 11)
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that the ratfo of power i{n the core to total power is 15% for the
-5th fringe, while it 13 close to 19% for the other 3 fringes for
wvhich we have good profiles (-4th, 18%, -3rd, 19%, Oth -- from the
high-sensitivity record -- 211).

Table 2

Frequency 60 Mc/s 40 Mc/s 26.3 Mc/s
Halfwidth of Core 2!7 /quoted as 6' 40 10*

by Weiss

619635)
Halfwidth of Halo 48' 48 26°
Power in Halo 36% 20% 81%
"Ioul Pmnr ,

IV. SUMMARY

Type III bursts from a source associsted with McMath plages 6908
and 6909 were cbserved during the four hours around local noon at
Clark Lake for each day from July 31 through August 12, 1963. The
displacement of the source from the center of the solar dh& vas
ilusnred for each day and projection effects were accounted for by
usulu:g that the source was radially sbove the associated opticail
and 9.1-cm active region. In this way, the height of the source in
the corona was found to be 2.4 solar radii from the center of the sun.
According to the generally accepted idea of the production of Type III
bursts at the plasma level, the height found frem26.3 Mc/s observa-

tions should correspond to an electron density of 8.5 x 108 ca™3,
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The height of 2.4 xe refers to the level in a coronal streamer above
an active region vhere the density has decreased to this value and s
considerable farther out tham the 26.3 Mc/s plasma level in the normal
or ambient coroma. Presumably this is the reason for the lack of
evidence for refractiom in the -usat-d positions evfk the Type II1
source, Comparison of our results with those obtained for Type III
and Type II bursts at other frequencies, ranging from 1.5 to 201 Mc/s,
indicates that the électron density distribution in coronal streamers
over active regions is close to that of the van de Hulst model of the
equatorial maximms corona multiplied by a factor of 10. These
densities are about a factor of 2 higher than for optically observed
streamers. ‘

A moving Type IV burst was observed on Augustill; it was assocfated
with a west limb flare in the same active region that produced the
Type III bursts. This event was observed both at Clark Lake and at
HAO Boulder, with fringe orientations that differed by about 39°, By
combining observations, the two-dimensf{onal position and velocity of
the source could be estimated throughout the vhole event. The source
appeared to move out at a velocity of 1400 km/s along essentially a
straight line inclined at an angle of 32° north of the solar radius
through the position of the flare. It reached a maximum altitude of
6.3 BRg above the center of the sun, then moved inward at a velocity
of 380 km/s to 5.4 Ry, vhere it stabilized and remained until the end

of the event. The motion and maximm altitude correspond well with
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those of several Type IV sources studies by Weiss at 40 to 70 Mc/s
and alsoc with events observed by Kundu and Firor at 87 Mc/s. The
brightness distribution inthe ehbserved source can be approximated by
the sum of a wide gaussian halo and a narrower corswith the shape of
the lobes of the array. This result agrees with the findings of Weiss
and Sheridan for Type II, III, and IV bursts and of Erickson for Type
IIX bursts.

We should like to acknowledge the careful work of Mr. J. R. Hubbard
who obtained the data on which this study was based. Thanks are due
also to Mr. J. K. Alexander for helpful criticisms, and particularly
to Dr. J. W. Warwick for making his data on the August 11, 1963 event
available to us and assisting {n their interpretation. This work was
supported in part by National Science Foundation Contract No. NSF-GP-
3393, |
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FIGURE CAPTIONS

FIG. 1. -~ Part of the Clark Lake record for August §, 1963 representing
the paamc of a source of Type III bursts through some of the
weatern lobes of the array. The ntmbered lines give the times of
passage of the center of the sun through the lobes. Fringes due
te the passage of Virgo A through some of the eastern lobes are
indicated by X's.

FIG. 2. == (a) The Fraunhofer Institut maps of the sun showing the
positionsl of optical active regions. The contour lines represent
the 9.1-cm Stanford maps which have been superimposed on the optical
maps.

(b) Results obtained by superimposing the numbered vertical
lines (see Figure 1) so that all the Type III bursts observed om a
particular day are plotted as if they all occurred in one lobe of
the array. The arrows indicate the bursts used in obtaining the
positions of the Type III source.

FIG.3. =-- The positions of the Type III source for each day, determined
from the plots in Figure 2, compared with the positions that would
be found for a source radially abqvc the opiical active regiqn at
; constant height of 2.4 Ry with no refraction of the rays as they

gmerge through the omter coroma.

FIG. 4. -- Estimates of the electrom density distribution in the solar

H

corona determined by various methods. The shaded areas for the




FIG.

FIG.
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polar and e matorial distributions represent fesults from optical
eclipse observations. The solid curves are the models of van de
Hulst. Optical eclipse‘rtsults from streamers are shown by
Newkirk's model (solid curve) and the results of Hepburn (dashed
curve) and Schmidt (shaded area). The estimates from Type II nnd‘
II1 bursts at frejuencies of 10 to 201 Mc/s are shown by the crosses
and dots and the large shaded ares around them (to indicate the
experimental error). The solid curve through this area is the
equatorial maximum wodel of van de Hulst multiplied by a factor of
10.

5. == Lockheed Sclar Observatory H-alpha photographs of ;he optical
event associated with the Type IV burstsof August 11, 1963. Témes
are U. T.

6. -~ The Clark Lake high-sensitivity record of the bursts observed
on August 11, 1963 and the times of the associated optical flares
and of spectral radio observations by the High Altitude Observatory
and the Harvard Radio Astronomy Station (Fort Davis). The numbers
in parentheses indicate the importances of the flares and radio
bursts. The record for Virgo A, made imscdiately after the Type IV

event, 18 shown at the top.

« 7. == Records from the phase-switched array at Clark Lake for several

days in August, 1963. As indicated, the intensity scales of some of

the plots have been reduced to % or ¥ that of the original records.
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8. -~ The Clark Lake low-sensitivity record of the bursts observed
on August 11, 1963, with the times of lobe passage of the center of
the sun fndicated by the numbered lines.

9. -- The measured displacements of the Type IV source from the
center of the sun. The vertical scale on the left gives the dis-
placement measured along the east-west line at Clark Lake and the
scale on the tight shows the displacement determined from comparison
of the Clark Lake and Boulder data. The east-west displacements of
Virgo A from its computed positions are indicated at the top.

10 -~ Diagram showing the orientation of the lobes of the Clark
Lake and Boulder arrays with respect to the solar ejuator and the
position of the optical flare. The tw-dimmiml positions of

the Type IV source are indicated by the dots at the intqrsecdons of
the Clark Lake and Boulder lobes.

11 -- The observed shapes of 3 fringes (solid curves) and approxi-
mations to the shapes (dashed curves), each of which is the sum °f;
a vide gaussian distribution and a narrow lobe-shaped distribution

(dotted curves).
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